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Abstract 
In this study, we used surplus Nitrogen as indicator of environmental degradation caused by agricultural non-point 
source pollution to test and verify the Environmental Kuznets Curve (EKC) in China. Surplus Nitrogen was measured 
by Truog-Stanford equation. According to the results of the panel-data model which covered 30 provinces for 1990-
2007, we noticed that the relationship of agricultural non-point source pollution and income followed an inverse-U 
shape, and the turning point was calculated as 12 639 yuan (constant price in 1990). However, the turning point 
wouldn’t take place automatically. Through theoretical analysis, we knew that highly income induced more demand 
for environment, and the strong demand stimulated the turning point to happen earlier. 
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1. Introduction 
The Environmental Kuznets Curve (EKC) is a hypothesized relationship between various  indicators of 
environmental degradation and income per cap ita. Recently there have been extensive empirical studies to 
test the Environmental Kuznets Curve hypothesis which postulates an inverse-U shaped relationship 
between the level of economic activity and environmental pressure (see Grossman,1995; Ekins,1997; 
Stern,2004)[1 -3]. Since 1970s, the Nitrogen and Phosphorus eutrophication of major Chinese lakes and 
water systems has rapidly been getting worse. Investigation revealed that non-point source pollution from 
agriculture and rural region became the major source of water pollut ion. Modern agricultural p roduction 
systems which are composed of highly specialized planting and breeding subsystems have destroyed the 
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internal ad justment mechanism and produce agricultural non-point source pollution. Recent literatures 
have proved that non-point source pollutants  from agricu lture and livestock husbandry are much greater 
than that from industry and living sewage. 
Concerned with the problem of agricultural non-point source pollution, researchers have focused on 
pollution prevention and control. Is there an Environmental Kuznets Curve for Agricultural no n-point 
source pollution in China? Based on Truog-Stanford equation (see Zhang et al,2009)[4], we construct a 
system to estimate the level of non-point source pollution and test the empirical model of economy growth 
and non-point source pollution from agriculture. 
2 Methodology and Data Sources 
2.1 Model of pollution 
Truog-Stanford equation is based on the nutrition balance, calculating the gap between demand of p lant 
and supply of soil in itself, which shows in the following formula:  
....................(1)S PQ Ai i¦ 
  
Where i  is agricu ltural variety for 1...i n , S is the total nit rogen required in one reg ion, Pi is unit  
demand of nitrogen of variety i  , Qi is the agricultural y ield of i  . A is the level of Nitrogen the soil can 
provide, which can be realized as basic fertility of soil. Furthermore, based on the equation, we 
established the model in the following formula in order to calculate the level of agricultural non-point 
source pollution.  
...........(2)X Y E F Sj kj kT ¦ ¦  
  
Where j  is breed  for 1...j n  , X
 
is the content of Nitrogen in livestock manure, Y is the total 
amount of livestock breeding quantity, k  is chemical fertilizer for 1...k n , E is the content of nitrogen 
of  unit fertilizer, F is the total amount of fertilizer. T  is the amount of surplus nitrogen, if 0T ! , means 
there is surplus nitrogen in this area. On the contrary, there is no surplus nitrogen if 0T d . Therefore we 
used T  as the indicator of agricultural non-point source pollution. 
2.2 The Econometric model of EKC 
The basic model uses pool-data to study the relationship between economic growth and pollution. This 
is the general model employed by Grossman and Krueger[1] (1991, 1995).  It is: 
2
0surplusN pGDP + pGD1 2 Pit it ........it (3)itD D D [      
Where i  is province for i=1,…, 30; t represents time; environmental stress is represented by surplus 
Nitrogen
 it ; jD is coefficient for j= 0,1,2 ; itpGDP  is the real GDP per capita and it[  is an error. 
2.3 Data  
In the panel data model , pollution variab le is measured by surplus Nitrogen, which is obtained from 
the formula (2) ,  and income variable is measured by GDP per-capita in 1990 constant price.  
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3. Results and discussion 
3.1 Estimated results of pollution 
According to the definition of formula (2), we can construct the surplus Nitrogen, as shown in table 1. 
 
Table 1  The surplus N in 1990-2007  (unit˖10000 tonnes) 
Area 1990 1995 2000 2005 2006 2007 
Total 1 744.08 2 178.85 2 709.29 2 835.40 2 784.62 2 911.85 
Beijing 5.45 4.41 9.97 8.99 7.74 6.92 
Tianjin 1.72 2.80 9.69 13.73 13.77 12.03 
Hebei 65.18 89.19 145.05 165.39 159.35 116.94 
Shanxi 36.88 41.58 51.15 42.41 41.56 34.35 
Neimenggu 53.05 49.95 59.15 85.24 96.97 94.69 
Liaoning 42.51 38.99 57.27 38.69 41.11 37.00 
Jilin 24.14 25.76 38.05 29.77 28.16 29.57 
Heilongjiang 22.44 20.69 50.73 58.65 54.88 61.63 
Shanghai 13.27 11.69 10.62 8.62 8.48 8.35 
Jiangsu 87.85 124.39 27.55 162.94 155.70 149.53 
Zhejiang 50.76 51.16 47.61 56.83 53.92 55.65 
Anhui 81.48 115.30 141.38 150.14 133.97 132.06 
Fujian 53.09 71.66 84.00 85.90 85.04 81.99 
Jiangxi 61.25 82.18 78.30 88.85 87.33 76.00 
Shandong 112.12 177.66 201.96 213.97 205.91 188.56 
Henan 117.17 178.07 232.78 287.49 287.07 243.62 
Hubei 78.06 122.03 130.62 157.21 158.18 156.90 
Hunan 85.82 112.73 122.77 155.88 154.61 144.14 
Guangdong 119.25 143.69 122.64 145.58 150.30 147.73 
Guangxi 91.66 117.76 143.69 162.75 164.16 143.59 
Hannan 15.53 20.01 25.98 33.78 34.07 30.73 
Sichuang 153.78 180.52 198.30 225.75 246.91 225.01 
Guizhou 57.53 65.87 67.39 81.65 87.27 64.31 
Yunnan 84.43 91.61 104.51 121.48 124.95 125.98 
Xizang 43.44 44.33 42.64 50.44 51.86 50.18 
Sanxi 42.99 68.83 68.95 80.98 81.51 74.39 
Gansu 44.11 50.04 51.44 65.99 65.47 65.50 
Qinghai 45.51 43.45 37.68 38.02 37.99 38.42 
Ningxia 7.91 10.63 15.40 20.22 21.25 20.42 
Xinjiang 42.13 45.07 51.21 69.31 71.51 56.92 
 
3.2 Estimation results of the panel data model 
We estimate Eq. (3) by using the Fixed Effects model in the panel data estimation and a feasible GLS 
specification with cross-section weights. Estimat ion results showed that the coefficients are significant at 
99% level (seen Table 2). In order to avoid the spurious regression, we check the stationary of the 
residuals by using LLC, Breitung, IPS, ADF and Phillips–Perron unit root test. Results of the tests are 
presented in Tab le 3. The coefficients of the varib les are 1 0D !  and 2 0D  . The result means that the 
relationship between income and surplus Nitrogen fo llows the typical inverted-U curve. The turning point 
is calculated as 12 639 yuan. The income of only six regions (Beijing, Tianjin, Shanghai, Jiangsu, 
Zhejiang and Guangdong ) is higher than the turning point. We can expect that agricultural non-point 
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source pollution will reduce with economic g rowth to some extent. However, the average income level of 
the whole country which is 8 561 yuan in 2007 is lower than the turning point. In other words, the 
agricultural non-point pollution will possibly exist and worsen in short term. 
Table 2  Panel estimation results 
variable coefficient t P>|t| 
GDP2 -4.14E-07 -12.146 84 0.000 0 
GDP 0.010 465 16.125 85 0.000 0 
C 47.496 79 24.175 03 0.000 0 
R2=0.935909     R2_a=0.931998   F=239.2973  Prob(F)=0.0000 
Table 3: Residuals unit root test results 
variable LLC Breitung  IPS  Fisher-ADF Fisher-PP 
Residuals 3.521 86 9.939 69 5.517 37 46.481 1 52.427 9 
 ˄0.999 8˅ ˄1.000 0˅ ˄1.000 0˅ ˄0.899 6˅ ˄0.745 7˅ 
first difference -14.623 9 -2.51847 -11.290 2 218.797 313.529 
 ˄0.000 0˅ ˄0.005 9˅ ˄0.000 0˅ ˄0.000 0˅ ˄0.000 0˅ 
4. Theory Analysis of EKC Curve 
Environmental quality is a special luxury (see McConnell,1997)[5]. The demand for environmental 
quality increases with income. In other words, the higher the income, the bigger the elasticity of 
environmental demand. As income raises, consumers would take actions and choose environment friendly 
goods, therefore, the pollution would disappear at last. 
The following analysis drawn on Baldwin[6] (1995) research: set t  as time series, and surplus nitrogen 
level tT  could divided into two dimension: 1tT  at beginning and T cwhich was emitted in the period, that 
is 
1t tT T T c   
Set T cwas the function of environmental quality demand, then 0
D
T cw w , D is environmental quality 
demand, which is more demand to environmental quality, and less surplus nitrogen emitted. According to 
earlier analysis, D  is the function of economic development , and we could know that 0D
Y
w !w , which 
means the demand to environment would increase with economic development. Then the relationship 
between surplus nitrogen and economic development could be stated as: 
1t t D
Y Y D Y





T T cw w w u w w w
, surplus nitrogen stocking level would decrease. The condition to make 
this happen was: 
t D
Y D Y
T Tcw w w  uw w w , when t of  
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Therefore, the bigger environmental demand elasticity, economic development would lower surplus N 
greater. When economic development establishes a high levelˈthe beginning stocking surplus N would 
be digested, The statistics would  then appear inverse-U shape. 
5. Conclusions 
This study focused on the relationship between agricultural non-point source pollution and income by 
using a panel data model. The study covered 30 provinces for 1990-2007 by using the pollution measure: 
Surplus Nitrogen which was calculated by Truog-Stanford equation. Our panel data analysis showed that 
agricultural non-point source pollution and income relationship followed an  inverse-U shape, and the 
turning point of the estimated model was calculated as 12  639 yuan (constant price in 1990). Therefore, 
economic development was of great importance in solving agricultural non-point source pollution. 
The theoretical analysis in the forth part demonstrated that economic development could not lower the 
pollution level automat ically, and environment improve ment was induced by consumers ’ environmental 
demand. According  to the research by Dasgupta et al[7] (2002), strict  environmental regulation was the 
major way to make the EKC flat and cross the turning point at a low level. Considering the complexity of 
agricultural non-point source pollution and non-renewable of ecological environment, there was a strong 
need for the government to develop local policies and increase environmental input to reduce pollution. 
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